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The status of the frog fauna of the Werribee River catchment, 
southern Victoria, with notes on the utility of large databases in such 

an assessment 


Geoff Brown 

Arthur Rylah Institute for Environmental Research, Department of Sustainability and Environment, 
123 Brown Street, Heidelberg, Victoria 3084. E-mail: geoff.brown@dse.vic.gov.au 


Abstract 

The Werribee River catchment, north and west of Melbourne, has experienced major change since European 
settlement, including the transformation or loss of native vegetation through agriculture and urbanisation. 
These changes are likely to have influenced the original frog fauna, although this cannot be confirmed since 
no broad-scale monitoring of the frog fauna in the catchment has been undertaken. Like all of Victoria’s catch- 
ment areas, the main inventory of the frog fauna in the Werribee River catchment is the Victorian Govern- 
ment’s Atlas of Victorian Wildlife database. Reliable records exist for 1 1 frog species in the Werribee River 
catchment, some dating back to 1959. Importantly, there are records for two species, Growling Grap Frog 
Litoria raniformis and Bibron’s Toadlet Pseudophryne bibronii, which are officially threatened in Victoria. Spe- 
cies recorded from the catchment display a variety of ecological preferences (e.g. riverine specialists, semi- 
terrestrial breeders, borrowers, and wetland or slow-flowing river species), highlighting the importance of 
conserving and managing appropriately varied and interconnected habitats. In this paper, the Werribee River 
Catchment, a typical and recognised management unit, is used as a case study to examine the utility of avail- 
able data for the management of frogs, and summarise the likely existing threats to this assemblage. (The Victo- 
rian Naturalist 128 (2), 2011, 36-47) 

Keywords: Atlas of Victorian Wildlife, conservation status, Hylidae, frogs, Myobatrachidae, 


Introduction 

Many elements of the biodiversity of the Wer- 
ribee River catchment, southern Victoria, are 
poorly known. In this paper, a summary is 
provided of the status and distribution of the 
frog fauna, a group for which there exists rela- 
tively little current information on distribution 
patterns within the catchment, and which is 
vulnerable to several acknowledged threats. In- 
deed, knowledge of some threats (e.g. chytrid 
fungus, climate change) appears to have devel- 
oped substantially since some frog species were 
last recorded in the catchment (e.g. Pounds et 
al. 2006). A summary is also provided of the 
common threats to frogs, some of which are 
likely operating in the catchment, as well as 
comment on the utility of the Atlas of Victorian 
Wildlife (AVW; Department of Sustainability 
and Environment), a large government data- 
base, in assessing the current status of this as- 
semblage, and the distribution of the frog fauna 
within the catchment in conjunction with hy- 
drology and vegetation. 

The Werribee River catchment 
The Werribee River catchment, to the north 
and west of Melbourne, covers approximately 
250000 ha (1% of Victorias land area), and in- 


cludes the Werribee and Lerderderg Rivers as 
well as smaller tributaries such as Goodman, 
Parwan, Djerriwarrh, Kororoit and Skeleton 
Creeks (Fig. 1). The topography of the catch- 
ment is dominated by the Lerderderg Ranges, 
Brisbane Ranges and Pentland Hills in the 
north, and extensive basalt plains in the south 
(Department of Primary Industries 2008). 

Prior to 1750 there was a mosaic of vegetation 
classes in the Werribee River catchment which 
included large swathes of grasslands and grassy 
woodlands across the central and southern re- 
gions. Since European settlement 67% of the 
catchment has been cleared for agriculture, pri- 
marily dryland grazing, and 5% of the southern 
catchment has been transformed by urbanisa- 
tion, especially around the townships of Wer- 
ribee, Melton and Bacchus Marsh (Melbourne 
Water 2004) (Fig. 2). At present, approximately 
one quarter of the catchment is covered by 
remnant vegetation, mostly comprising the 
Ecological Vegetation Classes (EVCs) Shrubby 
Foothill Forest and Heathy Dry Forest in vary- 
ing degrees of modification. The Western Treat- 
ment Plant, managed by Melbourne Water, 
exceeds 1 1 000 ha and provides extensive frog 
habitats in the south of the catchment. 
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Fig. 1. Hydrology in the Werribee River catchment (DSE Corporate Geospatial Data Library). 



Fig. 2. Current significant land use classification of the Werribee River catchment (DSE Corporate Geospatial 
Data Library). 
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The frog fauna and the Atlas of Victorian 
Wildlife database 

The current status of the frog fauna of the 
Werribee River catchment is poorly known. 
The Atlas of Victorian Wildlife database holds 
approximately 1 900 frog records (to March 
2009) for the catchment, dating back to 1959. 
These records cover four species of tree frogs 
(Family Hylidae) and seven species of south- 
ern frogs (Family Myobatrachidae). The tree 
frogs are the Southern Brown Tree Frog Lito- 
ria ewingii, Lesueurs Tree Frog Litoria lesueuri, 
Growling Grass Frog Litoria raniformis, and 
Verreauxs Tree Frog Litoria verreauxii. The 
Southern Frogs are the Common Froglet Crinia 
signifera, Victorian Smooth Froglet Geocrinia 
vktoriana. Southern Bullfrog Limnodynastes 
dumerilii. Striped Marsh Frog Limnodynastes 
peronii. Spotted Marsh Frog Limnodynastes 
tasmaniensis. Common Spadefoot Toad Neo- 
batrachus sudelli and Bibrons Toadlet Pseudo- 
phryne bibronii. Nomenclature follows Cogger 
( 2000 ). 

Information for each of these species, includ- 
ing conservation status, distribution (both 
broadly within Victoria and more particularly 
in the Werribee River catchment), and major 
habitat preferences, is presented below. The 
conservation status of each frog in state and 
national contexts is provided where appropri- 
ate listings exist and, based upon the records 
in the Atlas of Victorian Wildlife database, an 
assessment of the distribution within the catch- 
ment is included within the context of the spe- 
cies’ broader distribution (Figs. 3, 4). Listings 
under the Victorian Flora and Fauna Guarantee 
Act 1988 (FFG) or the Commonwealth Environ- 
ment Protection and Biodiversity Conservation 
Act 1999 (EPBC), statutory lists of threatened 
taxa, are also included. Categories for national 
and State conservation status, which follow 
those of the World Conservation Union (lUCN 
2001), are derived from Environment Australia 
(2008) and Department of Sustainability and 
Environment (2007). The lUCN status of each 
species is also provided, and this is derived 
from the lUCN Red List website (http://www. 
iucnredlist.org/). 


The Tree Frogs (Family Hylidae) 

Brown Tree Frog (Ewing’s Tree Frog) Litoria 
ewingii (Dumeril and Bibron, 1841) 
Distribution: The Brown Tree Frog is distribut- 
ed across a large area of south -eastern Australia 
(from south-eastern NSW to Tasmania) (Cog- 
ger 2000). The Brown Tree Frog inhabits large 
areas of Victoria and is absent only from the 
north-western and north-central parts of the 
state. It has been commonly recorded through- 
out the Werribee River catchment, although 
most recent records are for the northern por- 
tion of the catchment and there have been no 
records since 2001 (Fig. 3). 

Habitat: This is a cosmopolitan species that 
can be found throughout rural areas and cit- 
ies alike. The Brown Tree Frog calls from and 
breeds in farm dams, ponds, creeks and wa- 
terholes; it tends not to be associated with 
fast-moving water (M Smithpers. obs). In the 
Werribee River catchment, this frog is associ- 
ated with a broad range of vegetation classes, 
but most commonly recorded from Riparian 
Forests and Shrubby Foothill Forests (Table 
1). It has been more commonly recorded from 
wetlands than from rivers or creeks. 

Conservation status: lUCN Red List Status - 
Least Concern. 

Lesueur’s Frog Litoria lesueuri (Dumeril and 
Bibron, 1841) 

Distribution: Lesueur’s Frog, the focus of a re- 
cent taxonomic revision (Donnellan and Ma- 
hony 2004), is distributed across a large area of 
eastern Australia. This frog ranges from south- 
eastern Victoria to north-eastern Queensland. 
Lesueur’s Frog can be found from coastal areas 
through to the we.stern side of the Great Dividing 
Range. This frog inhabits only the eastern half of 
Victoria. Within the Werribee River catchment 
it has been recorded only in the north (Fig. 3); 
the last record in the catchment was in 1990. 

Habitat: Lesueur’s Frog is a terrestrial spe- 
cies that, at least in the southern portion of its 
range, is typically regarded as a stream-dweller 
that is often found along rocky rivers with fast- 
flowing water. However, the frog is also often 
found some distance from water in habitats that 
range from dry sclerophyll forests through to 
rainforests and coastal heathlands. In the Wer- 
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Fig. 3. Location records 
for four Hylid and one 
Myobatrachid frog spe- 
cies in the Werribee River 
catchment and Victoria 
(Atlas of Victorian Wild- 
life, DSE). Shaded areas 
indicate land under gov- 
ernment management. 
Records are shaded to 
indicate pre-2000 (white) 
and post-2000 (black). 


ribee River catchment, Lesueur’s Frog was most 
commonly recorded in Private Land or Stream 
Bank Shrubland EVCs and is associated mostly 
with riverine habitats (Table 1). The most re- 
cent AVW record was collected in 1990. 

Conservation status: lUCN Red List Status - 
Least Concern. 


Growling Grass Frog (Southern Bell Frog, 
Warty Bell Frog) Litoria raniformis (Kefer- 
stein, 1867) 

Distribution: the Growling Grass Frog is dis- 
tributed across a large area of south-eastern 
Australia (including Tasmania) ranging from 
as far north as Bathurst through the central 
and southern tablelands of New South Wales, 
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Fig. 4. Location records for six myobatrachid frog species in the Werribee River catchment and Victoria (Atlas 
of Victorian Wildlife, DSE). Shaded areas indicate land under government management. Records are shaded 
to indicate pre-2000 (white) and post-2000 (black). 


and most of Victoria. The species also occurs in 
eastern South Australia. In the Werribee River 
catchment it is mostly recorded in the south- 
eastern half (Fig. 3) and records are reason- 
ably equally divided between wetland and river 
habitats. 

Habitat: the Growling Grass Frog is found in a 
broad range of habitats that include woodland, 
grasslands and areas of improved pasture (Table 
1). The species is typically found in dams, ponds 
and marshes and appears to prefer aquatic and 
riparian vegetation from which it calls. It is of- 
ten found sheltering under logs and rocks. In 
the Werribee River catchment, the Growling 
Grass Frog has been commonly recorded in the 
following EVCs: Box Ironbark Forest, Rocky 
Chenopod Woodland, Stream Bank Shrubland 
and Private land. While the most recent AVW 
records were collected in 2003, the Growling 
Grass Frog has been recorded since then from 


the Western Treatment Plant (Aaron Organ un- 
publ. data) and the Werribee Open Range Zoo 
(Bev Drake, pers. comm.). 

Conservation status: lUCN Red List Status 
- Endangered, Decreasing; Australia - Vulner- 
able; Victoria - Endangered, FFG listed. 

Whistling Tree Frog Litoria verreauxii (Du- 
meril and Bibron, 1841) 

Distribution: The Whistling Tree Frog is dis- 
tributed across a large area of eastern Australia. 
The frog ranges from south-eastern Victoria to 
southern Queensland, where it can be found 
from coastal areas through to the western side 
of the Great Dividing Range. In Victoria, the 
species inhabits only the eastern half of the 
state. It has been recorded mostly in the north- 
ern half of the Werribee River catchment (Fig. 
3) and there are no records for the catchment 
since 1990. 
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Habitat: This is a cosmopolitan species that 
can be found in rural areas and cities alike. 
The Whistling Tree Frog breeds in farm dams, 
ponds, creeks and waterholes. It tends not to 
be associated with fast-moving water. In the 
Werribee River catchment the species is associ- 
ated with a broad range of EVCs that includes 
Heathy Dry Country, Shrubby Foothill Forest 
and Private Land (Table 1). This frog has been 
more commonly recorded in wetlands than in 
creeks or rivers. 

Conservation status: lUCN Red List Status - 
Least Concern. 

The Southern Frogs (Family Myobatrachidae) 
Common Spadefoot Toad Neobatrachus 
sudelli (Lamb, 1911) 

Distribution: The Common Spadefoot Toad 
ranges from south-central Queensland through 
central New South Wales and into western 
Victoria. In the Werribee River catchment the 
Common Spadefoot Toad has been recorded in 
the southern half of the catchment (Fig. 3), but 
the most recent AVW records originate from 
the Western Treatment Plant in 2002. 

Habitat: The Common Spadefoot Toad is a 
burrowing frog that typically inhabits drier re- 
gions. The species is found in a range of habitats 
including woodlands, shrublands, mallee and 
open grassland. In the Werribee River catch- 
ment the frog typically has not been associ- 
ated with riverine habitats; it has been recorded 
mostly from Private Land or Higher Rainfall 
Plains Grassy Woodland EVC (Table 1). 

Conservation status: lUCN Red List Status — 
Least Concern. 

Common Froglet (Common Eastern Froglet) 
Crinia signifera (Girard, 1853) 

Distribution: As its name suggests, the Com- 
mon Froglet is one of the most common frogs in 
Australia. The Common Froglet occurs across 
most of Victoria, with the exception of the dry 
north-west. It appears to be common through- 
out the Werribee River catchment (Fig. 4) and 
the AVW contains records as recent as 2003. 

Habitat: The Common Froglet occurs in al- 
most every freshwater habitat within its range, 
including severely disturbed areas. These habi- 
tats include wet and dry forests, woodlands, 
alpine grasslands, floodplains and even fresh- 
water soaks behind beach dunes. Adult frogs 


shelter beneath rocks, logs, human debris and 
ground litter, usually close to water-bodies or in 
moist depressions, and it is not uncommon to 
find numerous individuals sheltering together. 

In the Werribee River catchment the frog is as- 
sociated with a broad range of EVCs, but has been 
most commonly recorded in Shrubby Foothill 
Forests, Heathy Dry Country and Private Land 
(Table 1). Records are more common in wetland 
habitats than river or creek ecosystems. 

Conservation status: lUCN Red List Status - 
Least Concern. 

Victorian Smooth Froglet Geocrinia victori- 
ana (Boulenger, 1888) 

Distribution: In Victoria, the Victorian Smooth 
Froglet is generally restricted to the south of the 
Great Dividing Range; it is confined to the cool 
and cold temperate zones in Victoria, from East 
Gippsland through the elevated midlands to the 
Grampian and Otway Ranges in the west. Around 
Melbourne, the Victorian Smooth Froglet occurs 
in the eastern and north-eastern suburbs, with 
some isolated records from the Mornington Pe- 
ninsula, and Craigieburn to the north. In the 
Werribee River catchment this froglet has been 
recorded only in the northern part of the catch- 
ment, as recently as 1999 (Fig. 4). 

Habitat: The Victorian Smooth Froglet is 
most often found in low vegetation near water- 
bodies in damp forests. In the Werribee River 
catchment, the frog appears to be restricted 
largely to Shrubby Foothill Forest vegetation 
(Table 1). 

Conservation status: lUCN Red List Status - 
Least Concern. 

Southern Bullfrog (Pobblebonk, Eastern 
Banjo Erog) Limnodynastes dumerilii Peters, 
1863 

Distribution: The Southern Bullfrog occurs 
throughout eastern and southern NSW, south- 
ern Queensland and south-eastern South Aus- 
tralia, as well as in most of Victoria, with the 
exception of the arid north-west corner. The 
Southern Bullfrog is found throughout the Mel- 
bourne area, but is most common to the north 
and south-east of Melbourne. Three subspecies 
occur within Victoria, two of which are found 
around Melbourne — Limnodynastes dumerilii 
insularis occurs on the Mornington Peninsula 
and in the eastern suburbs, and Limnodyn- 
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astes dumerilii dumerilii exhibits a distribution 
across central and northern Victoria that takes 
in the northern suburbs of Melbourne. Whilst 
morphologically similar, the two Melbourne 
subspecies can be distinguished because Lim- 
nodynastes dumerilii insularis usually has a 
clear pale mid-dorsal stripe and a stronger dor- 
sal pattern of mottling, although a gradation 
zone between these two forms exists. Limno- 
dynastes dumerilii dumerilii remains common 
throughout the Werribee River catchment (Fig. 
4). The most recent AVW record for the species 
was in 2002. 

Habitat: The Southern Bullfrog occupies all 
habitats with the general exception of some al- 
pine environments, rainforest and some arid re- 
gions. It shelters in burrows, and beneath rocks 
and logs. In the Werribee River catchment the 
species has been recorded in a range of private 
and public land in both riverine and wetland 
ecosystems (Table 1). 

Conservation status: lUCN Red List Status - 
Least Concern. 

Striped Marsh Frog (Brown-striped Frog) 
Limnodynastes peronii (Dumeril and Bi- 
bron, 1841) 

Distribution: The Striped Marsh Frog is com- 
mon throughout eastern Australia. In Victoria 
it is found in the eastern portion of the state, 
though rarely inland of the Great Dividing 
Range. The Striped Marsh Frog is generally 
common where it occurs, including the Mel- 
bourne area. Only a few AVW records of this 
species exist for the Werribee River catchment 
and none since 2001 (Fig. 4). 

Habitat: The Striped Marsh Frog is found in 
a range of coastal and upland vegetation types, 
where there is permanent slow-moving or still 
water and plentiful aquatic or waterside vegeta- 
tion. It prefers to shelter in reeds or thick grass, 
although it may often be found sheltering be- 
neath debris. 

In the Werribee River catchment the Striped 
Marsh Frog is known from both private and 
public land with most records originating from 
either the Rocky Chenopod or Private Land 
EVCs (Table 1). Records exist for both riverine 
and wetland habitats. 

Conservation status: lUCN Red List Status - 
Least Concern. 


Spotted Marsh Frog Limnodynastes tas- 
maniensis Gunther 1 858 

Distribution: A very common species through- 
out eastern Australia, extending into eastern 
Northern Territory. The Spotted Marsh Frog 
is found across the state with the exception of 
the north-west and the highest elevations of 
the Great Dividing Range. Two races with dif- 
ferent calls occur in Victoria; the southern call 
race occurs throughout and adjacent to the 
Melbourne area, including the Werribee River 
catchment. It is most common in the south- 
ern portion of this catchment and common on 
public and private land (Table 1); the most re- 
cent AVW record for this species in the catch- 
ment is 2003 (Fig. 4). 

Habitat: The Spotted Marsh Frog is usually 
found in habitats associated with semi-perma- 
nent or permanent water, such as floodplains, 
flooded paddocks, roadside ditches and grassy 
streams and ponds and was recorded in a broad 
range of vegetation classes (Table 1). These 
habitats include forests, grasslands, woodlands 
and shrublands. It shelters in cracks in the 
ground, and beneath rocks, logs and debris left 
by humans. It is often particularly common in 
disturbed areas, and around farm dams. After 
heavy rain, this frog often breeds in ephemeral 
water such as flooded ditches and paddocks. 
Accordingly, the species was more commonly 
reported from non-riverine habitats. 

Conservation status: lUCN Red List Status - 
Least Concern. 

Bibron’s Toadlet (Brown Toadlet, Brown 
Brood Frog) Pseudophryne bibronii Gunther, 
1858 

Distribution: Historically, this frog was com- 
mon throughout mainland eastern Australia, 
ranging from southern Queensland throughout 
most of New South Wales and Victoria and into 
south-eastern South Australia. Records for Bi- 
bron’s Toadlet have been collected from a swathe 
of temperate sites in woodland, grassland or 
dry forest, in eastern and south-eastern Aus- 
tralia. In the Melbourne area, Bibron’s Toadlet 
is limited to the northern and western suburbs 
and to the west of Port Phillip Bay, with some 
historical records from the eastern ranges. It is 
distributed throughout central Victoria, west of 
the Central Highlands to the South Australian 
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border. This toadlet appears to have declined 
over the last decade, and has now disappeared 
from or is rare in areas where it was once com- 
mon. Relatively few records exist for the Wer- 
ribee River catchment (Fig. 4); the most recent 
AVW records were collected in 1990. 

Habitat: Bibron’s Toadlet is a terrestrial species 
that is found in wet and dry vegetation associa- 
tions from alpine grasslands and bogs to plains 
and foothills, where there is sufficient damp soil 
and cover. This secretive litter-dweller shelters 
under rocks, logs and debris. In the Werribee 
River catchment the species has been recorded 
mostly in Private Land or Shrubby Dry Forest 
EVCs (Table 1). 

Conservation status: lUCN Red List Status - 
Near Threatened; Victoria - Endangered, FFG 
listed. 

Threats to frogs 

Habitat modification (including fragmentation) 
and destruction, in addition to the introduction 
to Australia of a virulent pathogen, the chytrid 
fungus, are two major threats to frogs that have 
recently been the focus of considerable research 
(Alford and Richards 1999; Alford et al. 2001). 
Other threats, such as increased UV-B radia- 
tion, introduction of predators (e.g. fish, foxes, 
cats) and other viruses (e.g. Rana virus), eu- 
trophication and secondary salinisation result- 
ing from farming practices and urban run-off 
(see Smith et al. 2007 for the impacts of second- 
ary salinisation on frogs), plus climate change, 
may also be influencing the status of frog popu- 
lations in Australia (Alford and Richards 1999). 
Parts of Victoria are predicted to become drier 
in coming years (Department of Sustainability 
and Environment 2006) and climate change is 
probably responsible for the extended recent 
drought in south-eastern Australia. Frog diver- 
sity may be adversely affected by drought (Lau- 
rance 1996) and habitat refugia could be critical 
during those periods. It is also likely that one 
threatening process acting alone will have less 
impact than several operating in synergy. 

Suitable habitat is critical for the persistence 
of any organism. Since European settlement, 
large tracts of native vegetation have been re- 
moved in Victoria, and there is a general trend 
of wetland and riverine modification (Norman 
and Corrick 1988). Such changes can have 


profound effects on frog diversity (Semlitsch 
and Bodie 1998) if considerable areas of habi- 
tat are removed or disturbed, as is the case for 
the Werribee River catchment. However, no 
consistent monitoring of frog populations has 
occurred during these disturbances, so we can 
only assume that at least some frog species have 
been adversely affected by these changes. 

It is assumed that frogs in the catchment ex- 
ist in spatially separated (isolated) populations 
which together form a metapopulation (Levins 
1969; Petranka and Holbrook 2006). The per- 
sistence of a metapopulation as a whole is sup- 
ported by the colonisation of new habitat and 
recolonisation of previously occupied habitat 
(made available through extinction of a local 
frog population). By modifying and removing 
freshwater habitats, inter-habitat distances can 
increase and accessibility of the remaining vi- 
able habitat decrease, with implications for frog 
dispersal, recolonisation and persistence, espe- 
cially if the vegetation communities between 
breeding habitats have also been altered. 

Extensive urbanisation that has occurred in 
the region will have resulted in the structural 
modification of many freshwater ecosystems 
(Norman and Corrick 1988). Changes could 
include physical modification, changed hy- 
drological cycles, and vastly altered vegetation 
communities which are typically dominated 
by weeds. Road networks can have the effect 
of isolating water-bodies, hence restricting the 
movement of frogs and preventing opportuni- 
ties for frogs to colonise new or previously oc- 
cupied habitat (Vos and Chardon 1998) which 
is needed to assist in the persistence of the 
metapopulation. 

The introduction to Australia of the chytrid 
fungus Batrachochytrium dendrobatidis, a path- 
ogen that attacks the skin of post-metamorphic 
amphibians (Beebee and Griffiths 2005), may 
have led to cataclysmic population declines in 
many frog species (Alford and Richards 1999; 
Alford et al. 2001). The fungus appears to op- 
erate effectively in cooler climates (Pounds et 
al. 2006) and accordingly, higher-altitude frog 
species may be the worst affected. However, 
several low-altitude species also appear to have 
been affected by the fungus, suggesting that 
interactions between species, the fungus, and 
the environment are occurring (Berger et al. 
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1999). Infected individuals from several of the 
species that occur in the Werribee River catch- 
ment (e.g. Common Froglet, Southern Brown 
Tree Frog, Lesueur’s Tree Frog, Spotted Marsh 
Frog and Southern Bullfrog) have been found 
in other areas, highlighting that some of the 
species in the catchment could be susceptible 
under the right circumstances. 

Several introduced fish species have been 
identified as key predators of tadpoles and 
probably contributed to the decline of a number 
of frog species in Australia (Mahoney 1999). 
Some of these species have been recorded in 
the Werribee River catchment (J. Lieschke pers. 
comm.) — Carp Cyprinus carpio. Brown Trout 
Salmo trutta. Rainbow Trout Oncorhynchus 
mykiss and Mosquitofish Gambusia holbrooki 
have been identified as predators of tadpoles 
and possibly adult frogs and their eggs (Ans- 
tis 2002; New South Wales National Parks and 
Wildlife Service 2007). 

The Red Fox Vulpes vulpes and the domestic 
Cat Felis catus are potential predators of frogs, 
but there is very little information on the pre- 
dation rates and impact of these introduced 
mammals. Several studies of foxes and cats have 
documented the occurrence of frogs in their di- 
ets (e.g. Molsher et al. 1999; Read and Bowen 
2001). Predation by cats and foxes, and possibly 
dogs, is likely to be a greater threat in developed 
areas; that is, the townships and western sub- 
urbs of Melbourne that fall within the southern 
section of the Werribee River catchment. 
Discussion 

The broad objectives of this paper were to sum- 
marise the current status of the frog fauna of 
the Werribee River catchment and assess the 
utility of a large institutional database, the Atlas 
of Victorian Wildlife (DSE), to provide base- 
line information for the management of the 
frog fauna in the catchment. 

Eleven species of frog have been recorded in 
the Werribee River catchment, and were as- 
sociated with both riverine and non-riverine 
freshwater ecosystems in both public and pri- 
vate land. The frog records in the catchment 
are mostly associated with the EVCs Rocky 
Chenopod Woodland, Box Ironbark Forest, 
Shrubby Foothill Forest, Shrubby Dry Forest 
and Heathy Dry Forest. The impacts on the frog 
fauna arising from the transformation of public 
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land in the southern portion of the catchment 
from previously dominant EVCs Plains Grassy 
Woodland, Heavier-soils Plains Grassland and 
Plains Woodland/Plains Grassland Mosaic to 
Treeless Private Land is unknown, although 
several frog species appear to still utilise Tree- 
less Private Land. 

The species in the catchment exhibit varied 
life-histories that include riverine specialists, 
wetland or slow-flow specialists and even a ter- 
restrial species (Bibron’s Toadlet). The persist- 
ence of the frog assemblage known from the 
catchment, should these species be extant, will 
depend mostly upon the availability of appro- 
priate habitats. Riverine and wetland habitats 
should not be managed in isolation of each other 
as they are both likely to contribute substantially 
to the habitat requirements of the frogs in the re- 
gion. 

The AVW database does not appear to hold 
recent records for many of the frog species that 
are known from the catchment. For some spe- 
cies this can be attributed to the fact that the 
region has not been comprehensively surveyed 
and consequently, the current status and dis- 
tribution of frogs in the catchment, especially 
in relation to available habitat (e.g. vegetation 
classes, wetlands), is difficult to determine. The 
lack of contemporary information on frog dis- 
tribution and abundance highlights the major 
limitation of the database. Additionally, avail- 
able data are largely presence data with little 
ecological information, which also diminishes 
its value, especially since information on land- 
use change, a major determinant of frog oc- 
currence, can help identify and explain frog 
distribution patterns. Effort should be invested 
in locating and including other frog data for 
the catchment from universities, government 
organisations and departments, and non-gov- 
ernment organisations. 

For several species, the most recent records 
are more than a decade old — this is particu- 
larly worrying given that one of these species is 
the endangered Bibron’s Toadlet. The catchment 
is inhabited by at least two threatened species, 
Bibron’s Toadlet and the Growling Grass Frog. 
Recent records indicate that the Growling Grass 
Frog still persists in the catchment, although 
these records are predominantly in the largely 
artificial environments of the Western Treat- 
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ment Plant (Organ 2003, 2004) and the Wer- 
ribee Open Range Zoo. 

The database has several limitations that if 
rectified would make it more useful. The most 
important issue is that the apparent decline of 
several species within the catchment is not re- 
flected in the database because of a lack of up-to- 
date records, most likely a consequence of both 
limited survey effort and the under-submission 
of records. This is highlighted by the most re- 
cent P. bibronii record which is more than fif- 
teen years old. A critical function of the data- 
base is the provision of information that would 
allow the detection of species in decline or that 
have become locally extinct. To achieve this, 
the database would need ongoing maintenance, 
with regular updates from appropriate survey 
and monitoring programs. In its current form, 
and in conjunction with vegetation mapping, 
the database is useful in relating frog records to 
some spatial and environmental interrogation. 
Some species (e.g. Geocrinia victoriana, Litoria 
lesueuri, Neobatrachus sudelli) have not been 
recorded in either of the southern or northern 
halves of the catchment, distributions that cor- 
respond with the areas that have received the 
greatest amount of land clearing and urbanisa- 
tion, while other species (e.g. Litoria ewingii) 
appear to be quite widespread in the catchment. 
Some information on the types of water bodies 
(e. g. rivers, wetlands) that the species use may 
be gleaned from these records. 

At the time of writing, the Department of Sus- 
tainability and Environment was developing a 
more sophisticated successor to the AVW that 
will accommodate biodiversity records for all 
ecosystems (terrestrial, aquatic and marine) in 
the state, and capture more site-based informa- 
tion. This will go some way to addressing the 
shortcomings of the current system, although 
the issue of under-representation (due to lack 
of survey) for some biotic groups and locations 
will remain. 

To improve the utility of the AVW (or its suc- 
cessor), at least for frogs of the Werribee River 
catchment, it is suggested that: 

(1) comprehensive and appropriate surveys 
that account for uncertainty in detection 
(e.g. Brown et al. 2007; Smith et al. 2007) are 
conducted; 

(2) an effective monitoring program is devel- 


oped to track the changes in population sta- 
tus over the medium- to long-term; 

(3) the AVW database is updated, and all avail- 
able data are sourced and incorporated; 

(4) there is a need for ongoing and increased 
investment in the social aspects of frog con- 
servation that includes more public partici- 
pation in surveying and in providing data for 
the AVW. 

More general recommendations for directing 
research to inform the management of the frog 
fauna in the Werribee Catchment include: 

(1) the development of a better understand- 
ing of the metapopulation structure of the 
different species and the impacts that habi- 
tat changes have made - best achieved with 
newly-developed genetic techniques (Rowe 
et al. 2006); 

(2) a better understanding of: (i) the effects of 
novel predators, (ii) the potential impacts of 
climate change and the availability of habitat 
refugia, (iii) the hydrological regimes within 
the catchment, and (iv) the likely impacts that 
different threatening processes have on key 
characteristics of freshwater environments; 

(3) the determination of the extent of chytridi- 
omycosis infection in the catchment. 

Conclusion 

The frogs of the Werribee River catchment 
provide an instructive case-study. While the 
catchment is close to Melbourne and very ac- 
cessible to study, relatively little current infor- 
mation exists for the frogs there, at least in the 
public forum (i.e. AVW). In Victoria there are 
about 30 similar drainage basins and, mostly, 
our knowledge of frogs in them is just as poor. 
A greater understanding of frog occurrence 
across Victoria and the processes that affect it 
is urgently required, especially in light of the 
myriad threats that are operating on this vul- 
nerable animal group. 
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Abstract 

Overbank flooding of rivers is a key process in the maintenance of vegetation types and the species that rely 
on the floodplain forests and woodlands of northern Victoria. Yet the flooding requirements of species and 
vegetation types are poorly known. Here we present initial estimates of the water requirements for flood- 
dependent Ecological Vegetation Classes (EVCs) and rare and threatened flora and fauna species associated 
with the floodplain of the Murray River and its tributaries. Some 110 EVCs were found to be at least partly 
flood-dependent on the Murray River floodplains. The total current extent of these EVCs in the study area is 
224247 ha, of which 162266 ha are on public land. One hundred and twenty- four rare or threatened plant 
taxa and 62 threatened vertebrate fauna taxa (excluding fish) were classified as at least partly flood-dependent. 
These initial estimates provide important information for land and water managers and researchers alike. {The 
Victorian Naturalist 128 (2), 2011, 48-85) 


Keywords: River Red Gum forests, flood requirements, ecological vegetation classes, threatened 
species, environmental watering 


Introduction 

The floodplain forests, woodlands and wetlands 
of the Murray River and its tributaries contain 
important and unique species of flora and fauna 
and extend the geographic range of a number 
of species, particularly birds, into the semi-arid 
regions of the Riverina and Mallee (e.g. Tzaros 
2001). Pulsed flooding is the major factor influ- 
encing biota in these river-floodplain systems 
(Ballinger and Mac Nally 2006). These over- 
bank floods also maintain ecological connec- 
tivity along the length of the floodplains, across 
the floodplains and between the rivers and the 
floodplains, thereby playing a crucial role in the 
landscape ecology of the region (Ballinger and 
Mac Nally 2006). 

Flowever, there has been no comprehensive 
inventory of important natural values or flood- 
ing requirements to maintain these values 
along the Murray River floodplains. This is true 


for both the vegetation types and the species 
that rely on them. This information is vital if 
informed management of environmental flows 
is to be undertaken. 

In this paper we present for the first time 
initial estimates of the flood requirements for 
a comprehensive suite of Ecological Vegeta- 
tion Classes and rare and threatened flora and 
fauna species within the Murray Valley. The 
natural values and their flooding requirements 
were identified as part of final recommenda- 
tions of the Victorian Environmental Assess- 
ment Council’s ( VEAC’s) investigation of River 
Red Gum Forests in northern Victoria (VEAC 
2008). Identification and mapping of these val- 
ues allows environmental and water managers 
to make more informed decisions about which 
flood-dependent natural values receive and 
miss out on environmental water (Peake et al. 
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2011). This is particularly pertinent consider- 
ing the planning by the Murray-Darling Basin 
Authority (MDBA) for the development of a 
basin-wide plan which incorporates environ- 
mental watering (e.g. MDBA 2010), and the 
need for adaptive conservation strategies for 
freshwater ecosystems in the face of climate 
change (Aldous et al. 2011). Our study comple- 
ments recent analysis that outlines tolerable fire 
intervals for Victorian vegetation types (Cheal 
2010). This article serves as a companion paper 
to another (Peake et al. 2011) which describes 
how this information can be used to display 
spatially the values and their flooding require- 
ments.' 

Methods 
Study area 

The VEAC River Red Gum Forests investiga- 
tion area encompassed some 1 220 000 ha of 
northern Victoria from the South Australian 
border east to the wall of the Hume Dam near 


Wodonga. It included the floodplain ecosystems 
along the Murray River and seven of its major 
tributaries (the Avoca, Loddon, Campaspe, 
Goulburn, Ovens, King and Kiewa Rivers) as 
well as grassy ecosystems and wetlands of the 
Victorian Riverina - for further details see Fitz- 
simons (2006) and VEAC (2006) (Fig. 1). The 
present study covered only the floodplains of 
the Murray, Goulburn, Ovens and King Rivers 
within the VEAC investigation area - a study 
area of approximately 507 000 ha, collectively 
referred to here as the Murray River floodplain 
(Fig 1.). Time did not permit coverage of the 
Kerang Lakes and floodplains of the Avoca, 
Loddon, Campaspe and Kiewa Rivers nor any 
part of New South Wales or South Australia. 

Identifying flood requirements — Ecological 
Vegetation Classes 

EVCs are units in a vegetation classification 
system that are differentiated through a com- 
bination of floristic, life form and ecological 



Fig. 1. Location of VEAC River Red Gum Forests Investigation area and floodplain values mapped in this 
analysis. 
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characteristics, and through an inferred fidelity 
to particular environmental attributes. They are 
the principal units for native vegetation classifi- 
cation and mapping for land-use planning and 
management in Victoria (e.g. Woodgate et al. 
1996; Parkes et al. 2003). 

The EVC dataset used in this study is the 
publicly accessible geospatial vector layer 
maintained by the Victorian Department of 
Sustainability and Environment (DSE) (cur- 
rent at January 2008). It describes the EVCs 
in terms of their structure, composition and 
environmental context. For the Murray River 
floodplains this has been mapped at a scale of 
1:25 000. In our assessment, we built on this da- 
taset by identifying the flooding requirements 
for each flood-dependent EVC, based on the 
life-history traits, tolerances and competitive 
advantages of the dominant and characteristic 
plant taxa. This new information was appended 
to existing EVC polygons. As few of the plant 
species have been the subject of detailed aut- 
oecological studies, estimates of flooding re- 
gime variables are based on the expert opinion 
of DF and MW, who were closely involved in 
the circumscription and mapping of EVCs in 
2006, and searches of the available literature. 
The process entailed four steps, as follows: 

1. Identification of flood-dependent EVCs. EVCs 
were classed as flood-dependent if likely 
to decline significantly in condition (sensu 
Parkes et al. 2003) in the region in the absence 
of overbank flows from adjoining rivers (as 
opposed to flooding or watering solely from 
local rainfall). As such, overbank flooding is 
integral to key ecological processes for many 
EVCs, or structurally important constituents 
of the vegetation such as regeneration, dis- 
persal and growth. Ecological dependence 
on flooding extends beyond merely meeting 
watering requirements of the plants and ani- 
mals and includes important geomorphologi- 
cal processes such as the deposition of silts, 
and the regulation of ground water depth and 
chemistry. For details on the ecological char- 
acteristics of the main EVCs in the VEAC 
investigation area see Appendix 7 of VEAC 
(2006). 

2. Estimation of the ‘natural flood frequency for 
flood-dependent EVCs. The natural flood fre- 
quency is the average frequency with which 


an EVC is flooded under natural conditions 
and is therefore, presumably, the optimal fre- 
quency of inundation for that EVC. Sustained 
deviation from the natural flood frequency is 
assumed to compromise EVC condition. In 
the absence of long-term historical informa- 
tion for the EVCs, the natural flood frequency 
for each flood-dependent EVC was estimated 
based on what is known or surmised by our 
expert assessors of the flooding requirements 
and tolerances of character species and the 
physical (including hydrological) conditions 
at sites of occurrence, particularly in com- 
parison to these parameters for adjoining or 
similar EVCs. 

3. Estimation of the ‘critical interval’ for flood- 
dependent EVCs. The critical interval is the 
maximum period that an EVC can endure 
without flooding and remain capable of re- 
turning to its reference or benchmark condi- 
tion (sensu DSE 2008). This applies only to 
any single inter-flood period. As with natural 
flood frequency, we estimated the critical in- 
terval for each flood-dependent EVC based 
on what is known or surmised of the flooding 
requirements and tolerances of character spe- 
cies and the physical (including hydrological) 
conditions at sites of occurrence, particularly 
in comparison to these parameters for adjoin- 
ing or similar EVCs. 

4. Estimation of the minimum duration for 
each flood-dependent EVC. This is the mini- 
mum duration of inundation required to 
maintain each EVC in a condition referable 
to its reference state; i.e. the length of time 
that an EVC is continuously under water for 
each inundation event, assuming that these 
are occurring at the frequency necessary to 
maintain it in a reference state. It is worth 
noting that this variable is not solely a func- 
tion of the duration of high river flows. For 
example, rates of drying or drawdown follow- 
ing flood recession vary according to flood- 
plain geomorphology and greatly affect the 
duration of flooding in some places compared 
to others. Again, the minimum duration for 
each flood-dependent EVC was estimated (by 
DF and MW) based on what is known or sur- 
mised of the flooding requirements and tol- 
erances of character species and the physical 
(including hydrological) conditions at sites 
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of occurrence, particularly in comparison 
to these parameters for adjoining or similar 
EVCs. 

Identifying flood requirements — Rare or 
threatened flora 

The assessment of flooding requirements for 
each flood-dependent rare or threatened plant 
taxon was undertaken by DF and MW who 
were the botanists that assessed the flooding 
requirements of EVCs. The assessments for rare 
or threatened taxa followed the same five steps 
as the EVC assessments, with minor variations 
as follows; 

1. Identification of flood-dependent rare and 
threatened plant taxa. A list of rare or threat- 
ened plant taxa (DSE 2005) recorded in the 
study area was generated using DSE’s Flora 
Information System (FIS) database of Vic- 
torian flora records (current to May 2007).^ 
Each taxon on this list was then classed as 
flood-dependent or not by applying the same 
definition of ‘flood-dependent’ that was used 
for the identification of flood-dependent 
EVCs to what was known of the taxon’s ecol- 
ogy and occurrence, including review of rel- 
evant literature and FIS data. As with EVCs, 
flooding requirements of some species may 
relate more to maintenance of suitable habi- 
tat conditions than to their tolerance of dry 
conditions (e.g. prevention of salinisation of 
habitat or reduced competition from species 
which are less tolerant of flooding). In some 
cases, species may draw on groundwater re- 
sources which may become depleted or saline 
with a long-term absence of flooding in adja- 
cent areas. 

2. Estimation of the natural flood frequency, 
critical interval and minimum duration. For 
most plant taxa there is little specific informa- 
tion available on flood requirements. Thus for 
each of these three parameters the estimated 
natural flood frequency, critical interval and 
minimum duration of the principal EVCs at 
sites where the threatened taxon had been re- 
corded were adopted as the estimated values 
of these parameters for the taxon. We over- 
laid threatened floodplain flora records with 
EVCs in a geographic information system. In 
most cases there was a high fidelity between 
species and one or a small number of EVCs. 


For a relatively small number of these taxa it 
was not possible to identify a reliable associa- 
tion with any EVC and as a result no estimate 
was made of these parameters. 

3. Mapping of the current extent of all flood- 
dependent rare or threatened plant taxa. The 
distribution of each flood-dependent rare or 
threatened plant taxon was mapped using 
site location records superimposed on EVC 
maps. Discrete EVC units (or polygons of re- 
lated host EVCs) located at or very near the 
flora records were mapped as a surrogate for 
taxa distribution. This method required suf- 
ficiently detailed mapping and accurate spe- 
cies location information. However, in some 
cases existing mapping was not adequate to 
substantiate an association at such a detailed 
level, and a spot location representing the site 
record was used in place of an EVC polygon. 
The spot location was attributed a radius re- 
flecting the level of site accuracy (e.g. +1- 50 
m attributed a radius of approximately 50 me- 
tres). Where there were multiple host EVCs, 
these typically had very similar or identical 
flood dependency attributes, while for some 
others there was variation across the land- 
scape. Some flora species occupy a niche be- 
tween EVCs, particularly along strips where 
water recession occurs frequently. 

To reduce the possibility that sites mapped 
as polygons did not actually support the rel- 
evant rare or threatened plants, old records 
(those made prior to 1980) and imprecise 
records (those that could not be reliably lo- 
cated to within 150 metres) were not used to 
delineate species-occurrence polygons. As a 
result, no locations were mapped for some 
flood-dependent species, some of which may 
no longer occur in the study area. Addition- 
ally, the number of records does not neces- 
sarily reflect population size or number of 
stands. Some records reflect repeated sam- 
pling from small or localised populations. 

Identifying flood requirements — Threatened 
fauna 

rhe assessment of flooding requirements for 
threatened fauna followed the same procedure 
as that for rare or threatened flora, with the fol- 
lowing variations: 
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1. Threatened vertebrate fauna records (DSE 

2007) from the study area were extracted 
from DSEs Victorian Fauna Database (VFD, 
also known as the Atlas of Victorian Wildlife) 
current to May 2007 and Birds Australia’s At- 
las of Australian Birds data (Birdata, accessed 
from www.birdata.com.au in January-May 

2008) .^ Amphibians, reptiles, birds and mam- 
mals were considered, but not fishes. Flood- 
ing requirements were determined through 
discussions with experts (see Acknowledge- 
ments, below), and through reviewing rel- 
evant literature. 

2. For most threatened fauna taxa there are 
many more records in the study area than is 
typical for rare or threatened plants and their 
habitat requirements are usually much better 
known. As a result — and because animals are 
typically more mobile — the identification 
and mapping of habitat for threatened fauna 
was often tailored according to characteris- 
tics of particular taxa rather than tying the 
identification and mapping of habitat closely 
to the site of every record. For example, for 
several highly mobile duck species that had 
been recorded at nearly every wetland in 
the study area (often just once at temporary 
wetlands), only sites with repeated records 
or high counts were identified and mapped. 
Similarly for many colonial breeding birds, a 
distinction was made between breeding and 
non-breeding habitat, with only the former 
being identified and mapped for those species 
where availability of non-breeding habitat was 
not a significant factor in their conservation 
status. On the other hand, for some highly 
cryptic species with readily identifiable habi- 
tat (such as bitterns), habitat patches without 
records were identified and mapped on the ba- 
sis that the species almost certainly occurs in 
these patches on occasions but have not been 
recorded due to insufficient survey effort. 

3. Reflecting this emphasis on the specific 
characteristics of some taxa, there were some 
exceptions to the exclusion of old records (those 
made prior to 1980) and spatially imprecise 
records (those that could not be located reli- 
ably to within 150 metres). For example, older 
records of colonially nesting waterbirds were 
included on the basis that these birds breed in- 
frequently and generation times are therefore 


longer. Also, older or imprecise records were 
often included when identifying sites with re- 
peated records or high counts. 

4. The habitats of most fauna taxa were speci- 
fied as one or more EVCs, which were then 
mapped as the sites for that taxon within its 
geographic distribution. The natural flood fre- 
quency, critical interval and minimum flood 
duration estimates for the EVC(s) were then 
assigned to the sites. However for some taxa, 
notably colonially nesting waterbirds, more 
specific information was available (e.g. previ- 
ously known and mapped breeding sites) was 
available and used to map site locations and 
specify watering requirements. 

5. Some threatened fauna have been recorded 
in the relatively small areas mapped as Wet- 
land Formation (EVC no. 74), Bare Rock/ 
Ground (993) and Water Body — Natural or 
man made (998). Flooding requirements for 
threatened species in these areas were esti- 
mated based on the flooding requirements 
and tolerances of the relevant threatened spe- 
cies and the physical (including hydrological) 
conditions at the sites. 

Results 

Some 110 EVCs were found to be at least partly 
flood-dependent on the Murray River flood- 
plains (Table 1). The total current extent of 
these EVCs in the study area is 224247 ha, of 
which 162266 ha are on public land. Natural 
flooding frequencies ranged from as many as 
3-4 flood events every four years for Aquatic 
Herbland and a further 20 EVCs through to 
one flood event in 20-40 years for Riverine 
Chenopod Woodland. Critical intervals to 
maintain healthy ecosystems ranged from one 
flood event every two years for around 30 EVCs 
to one flood every 30-50 years for some Black 
Box-dominated EVCs. Minimum durations of 
inundation ranged from less than one month 
to 6-36 months (Table 1). One hundred and 
twenty-four rare or threatened plant taxa were 
classified as at least partly flood-dependent of 
which 68 were sufficiently well known for their 
distributions to be mapped reliably (Table 2). 
Of the 62 threatened vertebrate fauna taxa (ex- 
cluding fish) found to be flood-dependent (or 
use flood-dependent habitats), 51 were suf- 
ficiently well known for their distributions to 
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be mapped reliably (Table 3). A visual repre- 
sentation of the critical intervals for EVCs and 
threatened species is presented in Map D"* and 
Map E" ofVEAC(2008). 

Discussion and further research 

This paper is the first attempt to estimate and 
document the flood requirements for a wide 
range of natural values in the Victorian flood- 
plain forests of the Murray Valley. As the flood- 
ing requirements are based largely on expert 
opinion and the limited published literature, it 
is likely that new knowledge and more in-depth 
research into individual species and ecosystems 
will refine these requirements. We strongly 
encourage further research into this field to 
determine the flooding requirements or toler- 
ances of indigenous species and communities, 
and ultimately optimise the use of scarce and 
expensive environmental water. 

The present study was restricted to most ter- 
restrial vertebrates and vascular plant taxa clas- 
sified as rare or threatened at either state or 
national levels. The Murray River floodplains 
have a diverse range of arboreal, terrestrial and 
aquatic macro- and microinvertebrate species 
(Ballinger and Yen 2002, Shiel 2002; Suter and 
Hawking 2002; Yen et al. 2002), many of which 
are reliant (or likely to be reliant) on flooding 
events. It is also recognised that floodplains and 
flood events are important for fish along the 
Murray and its tributaries (Koehn 2002; King 
2005; King et al. 2005; Jones and Stuart 2008). 
However, King (2005, p. 121) notes that ‘whilst 
the existing Barmah-Millewa EWA [Environ- 
mental Water Allocation] has been operating 
for a number of years, little is known about how 
natural and managed flood events influence 
fish populations in the Forest’ and that ongoing 
research is required. 

Ideally, floodplain watering strategies should 
be formulated on the requirements of all flood- 
plain biota including fish, invertebrates (ter- 
restrial and aquatic), non-vascular plants and 
regionally significant taxa. Similarly, the list 
of ecological characteristics used to identify 
the natural values to be maintained, should be 
comprehensive and expanded beyond just those 
for the main sites of occurrence or breeding for 
threatened taxa to include important character- 
istics such as the following: 


• sites that are likely to assist the recovery of 
threatened taxa, especially taxa that are highly 
threatened 

• sites of high species richness 

• colony sites for colonial breeding species that 
are not currently classified as threatened 

• sites that may be in poor condition at present 
but would recover with watering and be likely 
to support significant natural values 

• corridors of habitat which are important for 
the movement of biota — from flight paths for 
the daily movements of Superb Parrots Poly- 
telis swainsonii between breeding and feeding 
areas to corridors for longer-term movements 
such as in response to changing climate over 
the course of decades. 

Species distributional data being entered into 
the Victorian Flora Information System and 
Atlas of Victorian Wildlife have declined sig- 
nificantly in recent years (Commissioner for 
Environmental Sustainability 2008). There is 
an urgent need to reinvest in basic ecological 
inventory and monitoring to improve our un- 
derstanding of both the distribution and occur- 
rence of many taxa and to monitor and refine 
our understanding of the effects and benefits of 
flood regimes. 

The project to date should be seen as an initial 
step towards a more comprehensive and ongo- 
ing analysis that is continually updated and re- 
fined as new data and results become available. 
There are still many gaps in our understanding 
of the flooding requirements and basic ecology 
of many of the ecological vegetation classes, 
and threatened flora and fauna, on the flood- 
plains of the Murray River. It is hoped this proj- 
ect provides a catalyst for ongoing research. 
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Notes 

' Email the corresponding author for a copy of the 
Peake et ai (2011) article. 

^ Vascular plant taxa listed under the Advisory List 
of Rare or Threatened Plants in Victoria - 2005 
(DSE 2005), the Victorian Flora and Fauna Guar- 
antee Act 1988 or the Commonwealth Environ- 
ment Protection and Biodiversity Conservation Act 
1999. 

Vertebrate taxa other than fish listed under the 
Advisory List of Threatened Vertebrate Fauna in 
Victoria - 2007 (DSE 2007), the Victorian Flora 
and Fauna Guarantee Act 1988 or the Common- 
wealth Environment Protection and Biodiversity 
Conservation Act 1999. 

http://www.veac.vic.gov.au/maps/352-MapD_ 

Flood_Dependent_EVCs.pdf 

^ http://www.veac.vic.gov.au/maps/352-MapE_ 
Flood_Dependent_threatened_species.pdf 
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Table 2. Flood requirements of rare or threatened flora 
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Table 2 (cont.) 

Name and conservation status Wetland/ Importance Relevant 

flood-plain of study area flood-dependent 

dependent* population EVCs Mapped Additional information 
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Table 2 (cont.) 

Name and conservation status Wetland/ Importance Relevant 

flood-plain of study area flood-dependent 
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Table 2. (cont.) 

Name and conservation status Wetland/ Importance Relevant 

flood-plain of study area flood-dependent 
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Name and conservation status Wetland/ Importance Relevant 

flood-plain of study area flood-dependent 

dependent* population EVCs Mapped Additional information 
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Long Eryngium £ryn^ium pfl/udosum (v) Y M 104,823 

Swamp Buttercup Ranunculus undosus (v) Y M 104, 823 
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Musk Duck Sites mapped: 

Biziura lobata (v) 1. Kings Billabong: areas of Bare Rock/Ground. 
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less than 10 of these are regular, recent or colonial sites - there would be value in systematically reviewing the 
breeding records and status of this species in Victoria), and the species is ‘only’ near threatened. 
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Echuca: the area of Tall Marsh at/near record site. 

Barmah forest: all areas of Floodplain Grassy Wetland, Aquatic Herbland, Water Body - fresh and Spike- 
sedge Wetland. 

Ovens River c. 1.5 km E of Hume Highway (Wangaratta Bypass): all areas of Floodplain Riparian Woodland 
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Relative importance of study area: This species is only near threatened in Victoria. 
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Minimum flood frequency: as per EVCs. Flood duration: as per EVCs. 

Flabitat/Location: Associated with freestanding water, including the Murray River. VFD records plus records from 
Malone (2004). 

Relative importance of study area: Near threatened in Victoria but locally abundant in the northwest. This part of 
Victoria is at the southern tip of its Australian distribution. 
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Species considered but not assigned watering requirements or mapped 
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Predation by a Jacky Lizard Amphibolurus muricatus (Agamidae) 
upon nesting Banded Bees Amegilla sp. (Apidae) 

PJ Kubiak 

PO Box 439, Ryde, NSW 1680 


Abstract 

Ihis paper reports observations of a single Jacky Lizard Amphibolurus muricatus (Agamidae) preying upon 
Banded Bees Amegilla sp. (Apidae) as they flew near their nesting aggregation in bushland of northern Sydney, 
NSW, Australia. The foraging behaviour of this wild A. muricatus individual may have been somewhat more 
complex than that previously reported for captive individuals ot this species. Bees may constitute only a minor 
proportion of the diet of A. muricatus in the wild and lizards may be less effective predators upon nesting bees 
than birds. {The Victorian Naturalist 128 (2), 2011, 86-89) 


Keywords: lizard, predation, bees, nest, aggregation 

Introduction 

Bees are preyed upon by a variety of vertebrates, 
including birds, lizards and toads, as well as in- 
vertebrates such as spiders, hunting wasps, rob- 
ber flies and assassin bugs (O’Toole and Raw 
1991). Invertebrate parasites associated with the 
nests of Amegilla pulchra, in the Brisbane area, 
were documented by Cardale ( 1968b). In Africa 
nesting honeybees Apis mellifera are sometimes 
preyed upon by lizards (Hepburn and Radloff 
1998). Some arboreal geckos and skinks may 
feed on Asian honeybees returning to their nests 
(Oldroyd and Wongsiri 2006). Alcock ( 1 996) re- 
ported intensive predation by birds on a species 
of Amegilla nesting in Western Australia. 

Australian bees of the genus Amegilla (Apidae) 
are solitary in the activities that are involved in 
the rearing of their young, but frequently dig 
their nests in close proximity to each other, 
often forming nesting aggregations (e.g. 
Michener 1960; Cardale 1968a; Houston 
1991; Cardale 1993; Dollin et al. 2000). 

The Jacky Lizard Amphibolurus muricatus 
(Agamidae) (Fig. 1) occurs in south-eastern 
Australia, along the coast and ranges, in- 
habiting dry sclerophyll forests and coastal 
heathlands, where its diet consists of insects 
and other small arthropods (Cogger 2000). 

Warner (2007) stated that A. muricatus is a 
common species and can frequently attain 
high local densities. However, A. muricatus 
may have become much less common in the 
Lane Cove River area (where the observa- 
tions in this paper were made) than it was in 
earlier years (Martyn 1994). 


Generally, there appears to be a lack of dietary 
data for many lizard species (Pianka and Vitt 
2003, p. 42). The majority of published dietary 
studies would appear to focus on analysing the 
stomach contents of lizards, with apparently 
fewer direct observations made of the preda- 
tory behaviour of lizards in the wild. 

This paper describes observations of preda- 
tion by A. muricatus (Fig. 1) on Amegilla sp. 
bees (Fig. 2) flying near their nesting aggrega- 
tion (Fig. 3) in bushland in suburban northern 
Sydney. These observations are discussed in 
relation to the work of Hoese et al. (2008) de- 
scribing predatory behaviour by A. muricatus 
in captivity. 

Neither the lizard, nor any of the bees, were 
captured. The lizard was identified by consult- 
ing Cogger (2000), Wilson and Swan (2008), 
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Fig. 2. Amegilla sp. flying near the nesting 
aggregation. 



Fig. 3. The nesting aggregation of Amegilla bees. 


Swan et al. (2004) and Griffiths (2006). The 
bee was identified to genus level by consulting 
Dollin et al. (2000). 

Observations 

The site of the Amegilla sp. nesting aggregation 
was in bushland of the Lane Cove River area, 
in suburban northern Sydney, NSW, Australia. 
The surrounding vegetation was sclerophyllous 
open-forest, with a somewhat sparse canopy and 
a shrubby and diverse understorey, growing in 
fairly shallow soil on a sandstone substrate. The 
site was located on a moderately sloping, north- 
facing hillside and was burnt by a wildfire ap- 
proximately seven years before these observa- 
tions. The bees were nesting in the soil around 


the roots of the upturned base of a fallen (but 
still living) Eucalyptus tree (Fig. 3). The dry, 
hardened soil around the upturned tree roots 
provided a more or less vertical surface for the 
bees to burrow into. Most of the Amegilla nest- 
ing burrows were located approximately 35-80 
cm above the level of the surrounding ground, 
with a few a little lower. There were a few dozen 
individual burrows in the nesting aggregation, 
but some of them may not have been occupied 
by bees at the time of the observations. 

The Amphibolurus muricatus was observed 
preying on the bees in the late afternoon on a 
day in mid-November, 2009, approximately 
two hours before sunset. The day had been 
warm and dry, with some high cloud in the late 
afternoon and evening. 

The lizard positioned itself on the sloping 
compacted soil base of the Amegilla nesting 
aggregation, approximately 15-20 cm above 
the surrounding ground level (Fig. 1). When 
an Amegilla bee flew near the lizard, the A, 
muricatus watched intently, tracking the bee’s 
movements with adjustments of its own head 
and/or body. The bees were flying quite rap- 
idly (e.g. Fig. 2) and often rather erratically. 
On several occasions, the lizard lunged quickly, 
with its mouth open and tongue protruding, 
at an Amegilla bee that was flying nearby. The 
lizard caught one flying Amegilla bee in its 
mouth, but also missed other targeted bees a 
number of times. Each lunge was separated by 
a period of watching and waiting, until another 
bee came close enough for the A. muricatus to 
strike. On one occasion, the lizard slightly and 
rapidly flicked out its tongue three times and 
also slightly opened its mouth two more times, 
whilst rapidly moving its head, slightly mov- 
ing its eye and making slight adjustments of 
its body, as it intently watched an Amegilla bee 
weaving and darting through the air, a few cen- 
timetres in front of the lizard. On this occasion 
the A. muricatus did not attempt to lunge at the 
bee, possibly because the Amegilla was flying 
too erratically and rapidly. 

The A. muricatus engaged in predatory behav- 
iour for approximately ten minutes and then 
moved about one metre away from the nesting 
site, where it rested on the ground amongst the 
leaf litter for about one hour, before disappear- 
ing from sight. 
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Discussion 

Generally, lizards in the family Agamidae 
are ‘sit-and-wait’ predators, i.e. they position 
themselves quietly in one spot, watching for 
prey which they then pursue (Greer 1989; Pi- 
anka and Vitt 2003). Most agamids tend to feed 
on mobile prey, which they detect visually, and 
tend to have a relatively low daily energy intake 
(Pianka and Vitt 2003). The prey of A. murica- 
tus needs to be moving in order for this lizard 
to detect it (Hoese et al. 2008). 

Hoese et al. (2008) studied the feeding be- 
haviour of A. muricatus in captivity. They fed 
crickets to 20 mature male Jacky Lizards that 
had been captured and removed from bush- 
land south of Sydney. They noted that each 
feeding session typically began with the lizard 
perched and scanning its enclosure. When the 
cricket was introduced into the enclosure, the 
A. muricatus oriented its head or an eye to- 
wards the movement of the prey item. Then the 
lizard moved towards the cricket, struck with 
its mouth open and finally consumed the prey. 
Occasionally, one of the captive lizards would 
strike at the cricket and miss, or move towards 
the cricket, only to lose sight of it in the foli- 
age. Generally, the prey-capture sequence de- 
scribed by Hoese et al. (2008) is similar to the 
behaviour observed in this present study of an 
A. muricatus preying on bees in the wild. One 
difference is that the bees were flying rapidly, 
whereas the crickets in the study of Hoese et al. 
(2008) were presumably mostly crawling when 
preyed upon by the lizards. The A. muricatus 
in this present study had to locate the bees’ 
nesting site and then position itself in a spot 
at which some of the bees were occasionally 
flying at an accessible height, where the lizard 
then waited until a bee flew close enough for it 
to strike. The willingness of the lizard to launch 
a strike was probably influenced by the degree 
to which the bee was flying erratically, as well 
as by how close the bee was to the lizard. This 
required the A. muricatus to keep track of the 
darting and weaving flight paths of the bees and 
then judge the right time to strike. The forag- 
ing behaviour of this individual may have been 
somewhat more complex than that described 
by Hoese et al. (2008) for captive A. muricatus 
preying on crickets. 


Bees are likely to be a minor component of 
the diet of a lizard species such as A. muricatus. 
Pianka and Vitt (2003) analysed the diets of 83 
neotropical and 92 desert species of lizard. They 
found that non -ant hymenopterans contributed 
only a small percentage of the diet (by volume) 
of the species studied, including iguanians. How- 
ever, the iguanian lizards (including Agamidae) 
consumed more ants and other hymenopterans 
than did the scleroglossans (including such liz- 
ard families as the Scincidae). Pianka and Vitt 
(2003) suggested that this difference may be 
due to the visually reliant iguanians being less 
readily repelled by any noxious chemicals that 
might be produced by various hymenopterans. 
Hepburn and Radloff (1998) indicated that liz- 
ards are probably mostly minor, opportunistic 
predators of honeybees Apis mellifera in Africa, 
but that special guards may need to be deployed 
for hives in Ghana, to protect them from liz- 
ards. Heideman (2002) studied the stomach 
and intestinal contents of Agama aculeata and 
A. planiceps (Agamidae) in a cool steppe region 
of Namibia, in south-western Africa, and found 
that both species had fed quite frequently on 
honeybees. Huang (2007) recorded the stom- 
ach contents of twenty individuals of the lizard 
Japalura swinhonis (Agamidae) captured on Or- 
chid Island, situated off the south-eastern (trop- 
ical) coast of Taiwan. He found that the stomach 
of one lizard contained a bee (Apidae), but that 
ants and crickets were the most frequent items 
of prey found in the sampled individuals of this 
species at that location. 

The Amegilla bees may not have been aware 
of the presence of the A. muricatus whilst it re- 
mained still, waiting for them to fly near. How- 
ever, the bees may have taken some evasive 
action, possibly altering their flight paths, im- 
mediately after the lizard had lunged at them, 
on those occasions when the lizard missed the 
bees. It seems likely, given its camouflage, that 
the A. muricatus was not visible to the bees, as 
long as it remained motionless. Houston (1991) 
noted that when a corvid (raven or crow) glid- 
ed over a large nesting aggregation of Dawson’s 
Burrowing Bees Amegilla dawsoni in Western 
Australia, it was immediately pursued out of 
the area by the bees. He also stated that the bees 
would soon swarm around, without attacking, 
a newly arrived human observer at an active 
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nesting site, but the A. dawsoni bees eventually 
lost interest if the observer remained still. 

Birds may be more effective predators upon 
nesting bees than are lizards. Alcock (1996) ob- 
served Pied Butcherbirds Cracticus nigrogularis 
preying upon Amegilla dawsoni at two nesting/ 
emergence sites in Western Australia, with at 
least ten birds killing 145 bees. At one of these 
sites he saw seven C. nigrogularis make 230 
attacks on the bees over a 7.5 hour period. A. 
dawsoni is a very large and robust bee (Houston 
1991) and is larger than the species of Amegilla 
bee studied in this present paper. A lizard spe- 
cies, such as A, muricatusy lacking the obvious 
advantages possessed by a flying predator, may 
not be capable of preying so intensively upon 
bees. 

More remains to be learnt about the diet of A. 
muricatus in the wild and the extent of lizard 
predation upon nesting bees in Australia. 
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Some observations of a 
Saunders Case Moth Metura elongatus larva 


Introduction 

Saunders Case Moth Metura elongatus is a 
member of the family Psychidae, of which there 
are about 350 species in Australia (Zborowski 
and Storey 2003). In the caterpillar stage, this 
insect uses caterpillar silk to construct an elon- 
gate, spindle-shaped case, to which it attaches 
short lengths of slender twigs at widely spaced 
intervals. The front part of the caterpillar is 
orange and black, while the rear part is cream- 
coloured. Before pupation, the caterpillar at- 
taches its case to a secure support by a tough 
band of silk, then turns around inside the case 
and pupates head downwards. If it is a male, the 
moth emerges the following spring; if female, 
the insect is a wingless, grub-like creature that 
remains in the case, where she is fertilised by 
the male, which has an extensile abdomen to 
make this possible. Eggs are laid in the case, 
and when the larvae hatch they use silken 
threads to lower themselves on to foliage before 
constructing conical silken caps for protection. 
(Common 1990; McKeown 1944; Zborowski 
and Storey 2003). 

Under normal circumstances, the rear end 
of the larva is not seen because it is kept inside 
the case at all times (Coffs Harbour Butterfly 
House web site). This note gives an account of 
a circumstance in which the rear end of a larva 
protruded from its case, and of subsequent 
events. 

Apparent drowning 

At 10.45 am on 21 March 2010, I saw a Saun- 
ders Case Moth case lying on the concrete near 
a dwarf Banksia spinulosa at the back of our 
house. I picked up the case and put it on an old 
table outside the back door, intending to exam- 
ine it later. The case felt very light. The head end 
was wide open, and I expected the case to be 
empty. 

At about 3.00 pm I found the case in a buck- 
et of ‘grey’ water that was under the table: no 
doubt the case had been carried there by a gust 
of wind. I don’t know how long it had been in 
the water, but the case was very wet and mostly 
submerged. The previously open head end was 
closed, and the pale rear section of the cater- 
90 


pillar was protruding from the other end (Fig. 
1). The creature was motionless and apparently 
had drowned. 1 put the case with its unfortu- 
nate occupant on a sheet of cardboard that was 
lying on the table, and emptied the bucket to 
prevent any further mishap. At 5.00 pm the case 
was still on the table, but the caterpillar’s rear 
end was no longer visible. 

Subsequent movements 
The following morning at 8.00 am the case, now 
dry, had moved and was firmly attached to the 
edge of the table with caterpillar silk (Fig. 2). By 
1.00 pm the case had moved again. The orange 
and black head end of the caterpillar was visible 
as the creature moved slowly along the edge 
of the table (Fig. 3). After photographing it, I 
placed it under the Banksia spinulosa, where 1 
later saw it climbing up one of the branches. 


Fig. 1. Wet case 
with rear end of 
caterpillar protrud- 
ing. 
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On 28 March I discovered that the caterpil- 
lar had climbed a pole of the patio close to the 
Banksia. I watched it proceed up to the laserl- 
ite roof, where it lost its grip and fell off. Again 
the head end of the case was open, and the cat- 
erpillar was not visible, so I suppose this was 
a repeat of what had happened before I first 
found it. On 29 March the caterpillar, possibly 
exhausted from its ordeal, next opted to secure 
itself in a position about halfway up the pole. 
It remained there for eight months, emerg- 
ing as an adult male moth on the night of 30 
November. 

Discussion 
The case in water 

I wondered how the caterpillar had managed 
to survive in the water. Ian Endersby (pers. 
comm.) suggested that it would have closed its 
spiracles. I don’t know how long an insect can 
do this before it has to breathe. Perhaps the cat- 
erpillar used its rear end to block the opening 
in the case and prevent water from entering? 

Size of the case 

Cases of female Saunders Case Moths are 12 to 
15 cm long (Queensland Museum fact sheets 
web site), and are larger than those of males. 
This case was 9.5 cm long, not counting the 
length of the sticks. A part of the abandoned 
case is shown in the upper figure on the back 
cover. This creature was fortunate; success is 


Fig. 2. Case attached to table with caterpillar silk. 


by no means certain because these caterpillars 
are frequently parasitised by flies and wasps 
(Brewster et al. 1920). A case containing a larva 
that died before completing pupation is shown 
in the lower figure on the back cover. In this 
instance the cause of death is not known. 

The only other Saunders Case Moth larva I 
have seen in our garden was here in June 1992, 
also near our dwarf Banksia spinulosa. 
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Fig. 3. Larva moving along edge of table. 
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